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(54) Interlayer dielectric structure for semiconductor device 
(57) A semiconductor device having a base (11) or 

main body on which conductive interconnects (14) are F I G 3 

formed. At least the surface of the base is insulative. A 
first dielectric film (15) is formed so as to cover the con- 
ductive interconnects (14). A second dielectric film (16) 
having a relative dielectric constant smaller than that of 
the first dielectric film (15) is formed at least between the 
conductive interconnects (14). The thickness of the sec- 
ond dielectric film (16) between the conductive intercon- 
nects ( 1 4) is greater than the height (D) of the conductive 
interconnects by 10-100% in the directions of the height 
and depth. Films made of a material of a low dielectric 
constant (21 -23) are formed over and under the conduc- 
tive interconnects (14) via the first dielectric film (15) or 
equivalent films. 
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Description 

RACKGROUND OF THE INVENTION 
s 1, Field of the Invention 

The present invention relates to a semiconductor device having high-density conductive interconnects and, more 
particularly, to a semiconductor device structure lor realizing low electric power consumption and high-speed operation. 

70 2. Description of the Related Art 

As a means for accomplishing reductions in semiconductor device size, reductions in electric power consumption, 
and increases in operation speed, making lower the dielectric constants of interlayer dielectric films has been proposed. 
One example of this is disclosed in Japanese Patent Laid-Open No. 7650/1988 (laid-Open Date: Jan. 13, 1988). In 

is particular, a dielectric film between conductive interconnects is made from a low dielectric constant material having a 
relative dielectric constant smaller than that of dielectric films formed, respectively, over and under the conductive in- 
terconnects. Furthermore, in this structure, the dielectric film which is located between the conductive interconnects and 
has a low relative dielectric constant is in direct contact with the conductive interconnects. 

Often, the aforementioned low dielectric constant material consists of a dielectric film to which carbon is added to 

20 reduce the dielectric constant down to about 1 .5 to 2.5. Alternatively, an organic material such as polyimide. poly-parax- 
ylylene, or polysiioxane is used. Fabrication of semiconductor devices of the interlayer dielectric film structure using 
these materials has been discussed. 

A known method of fabricating a semiconductor device which has an interlayer dielectric film in direct contact with 
conductive interconnects is described by referring to the schematic cross sections of Figs. 1{a)- 1(c). The interlayer 

25 dielectric film is made of a low dielectric constant material containing carbon. In Fig. 1 (a), the dielectric film, indicated 
by 13 is formed on a semiconductor substrate 12. Metallization 14 is deposited as a film on the dielectric film 13. The 
dielectric film 1 3 of Si0 2 is formed to a thickness of about 0.5 urn by CVD, sputtering or other technques. The metal- 
lization 14 is aluminium (Al) having a small specific resistance and deposited to a thickness of about 0.5 urn. 

The state shown in Fig. 1 (b) is obtained by lorming a resist pattern by a lithographic method (not shown) and then 

30 etching the dielectric film 13 and the metallization 14 at the same time by a dry etching process. In the dry etching 
process. CC! 4 is normally used to etch the Al. Mixture of CF 4 and H 2 or other material is employed to etch the dielectric 

film of SiOo. . , . , . . . 

In the state shown in Fig. 1 (c). a dielectric film 1 6 having a relative dielectric constant smaller than that of the dielectric 
film 13 is buried This dielectric film 16 consists of polytetrafluoroethylene, polyethylene, or the like. 
35 However the dielectric film which is used in the prior art techniques and made from a low dielectric constant material 

containing carbon shows hygroscopicity and so the moisture resistance is poor. Therefore, especially in aluminium 
interconnects, corrosion takes place, thus deteriorating the reliability of the finished semiconductor device Furthermore, 
the plasma resistance is not satisfactory. Especially, the dielectric film is vulnerable to oxygen plasma. Hence, it is difficult 
to use this dielectric film as an interlayer dielectric film in a semiconductor device. 
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OBJECTS AND SUMMARY OF THE INVENTION 



It is a first object of the present invention to provide an interlayer dielectric film structure which is for use in a sem- 
iconductor device and which permits a low dielectric constant film having neither excellent hygroscopicity nor excellent 
45 plasma resistance to be used as an interlayer dielectric film and which improves the reliability of conductive interconnects. 
It is an additional object of the invention to provide an interlayer dielectric film structure which is for use in a semiconductor 
device and which accomplishes low electric power consumption and high-speed operation with high-density conductive 

interconnects. . . 

The present invention provides an interlayer dielectric film structure which is for use in a semiconductor device 

so which has a main body, a first dielectric film, and a second dielectric film formed at least between conductive intercon- 
nects The main body is used for fabricating a semiconductor device. At least the surface of the mam body is msulative. 
The first dielectric film is formed on the main body so as to cover the conductive interconnects formed over the mam 
body and separate those interconnects from the second dielectric film. The second dielectric film has a relative dielectric 
constant smaller than that of the first dielectric film. 

ss Certain embodiments of the invention provide an interlayer dielectric film structure which is similar to the structure 

described in the immediately preceding paragraph but which is further characterized in that the thickness of the second 
dielectric film is larger than the height of the conductive interconnects by 10-100% in the directions of the height and 
depth. 
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Further embodiments of the invention provide an interlayer dielectric film structure which is similar to the structure 
described in the immediately preceding paragraph but which is further charactered in that a third dielectric film having 
substantially the same relative dielectric constant as the first dielectric film is formed under the conductive interconnects, 
and that a fourth dielectric film having a thickness of 10-30% of the height of the conductive interconnects and having 

5 substantially the same relative dielectric constant as the second dielectric film is formed under the third dielectric film. 

Yet further embodiments of the invention provide an interlayer dielectric film structure which is characterized in that 
the above-described third dielectric film consists of at least one of silicon oxide, silicon oxynitride, and silicon nitride, 
and that the fourth dielectric film consists of at least one of silicon oxide, silicon oxide containing fluorine, polysiloxane 
materials, parylene, fluorocarbon materials, and polyimide materials. 

io Still further embodiments of the invention provide an interlayer dielectric film structure which is characterized in that 

a fifth dielectric film is formed over the above-described conductive interconnects via the first dielectric film, and that the 
fifth dielectric film consists of at least one of silicon oxide, silicon oxide containing fluorine, polysiloxane materials, 
polyparaxylylene, fluorocarbon materials, and polyimide materials. This structure is further characterized in that the 
thickness of the fifth dielectric film is more than 10% and less than 30% of the height of the conductive interconnects 

>s and has substantially the same relative dielectric constant as the second dielectric film. 

Various embodiments of the invention provide an interlayer dielectric tilm structure which ts for use in a semicon- 
ductor device and which is characterized in that a plurality of first dielectric films of the structure described above are 
formed, and that each of the first dielectric films consists of at least one of silicon oxide, silicon oxynitride, and silicon 
nitride. 

20 Still further embodiments of the invention provide an interlayer dielectric film structure which is for use in a semi- 

conductor device and which is characterized in that a plurality of second dielectric films of the structure described above 
are formed and each second dielectric film consists of at least one of silicon oxide, silicon oxide containing fluorine, 
polysiloxane materials, polyparaxylylene, fluorocarbon materials, and polyimide materials. 

In these interlayer dielectric film structures for use in semiconductor devices, the first dielectric film is formed so as 

25 to cover the conductive interconnects. Therefore, the conductive interconnects are protected from corrosion and poi- 
soning by the second dielectric film of low dielectric constant. Furthermore, the second dielectric film having a relative 
dielectric constant smaller than that of the first dielectric film is formed at least between the conductive interconnects 
and so the capacitance between the conductive interconnects decreases. In this way, a semiconductor device structure 
and a fabrication method which accomplish low electric power consumption and high-speed operation with high-density 

30 conductive interconnects are disclosed. 

Other objects and features of the invention will appear in the course of the description thereof, which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig. 1(a) is a cross-sectional view of the prior art structure obtained when a dielectric film 13 and metallization 14 

are deposited over a semiconductor substrate; 

Fig. 1 (b) is a cross-sectional view similar to Fig. 1 (a), but in which a dry etching process has been performed after 

the dielectric film 13 and the metallization 14 over the semiconductor substrate have been patterned with a resist; 

Fig. 1(c) is a cross-sectional view simitar to Fig. 1(b), but in which a dielectric film 16 having a relative dielectric 
40 constant smaller than that of the dielectric film 1 3 has been buried; 

Fig. 2 is a schematic cross-sectional view of the structure of a first example of the present invention; 

Fig. 3 is a schematic cross -sectional view of the structure of a second example of the invention; 

Fig 4 is a schematic cross-sectional view of the structure of a third example of the invention; 

Fig. 5(a) is a cross-sectional view illustrating one fabrication process of the third example of the invention, and in 
is which dielectric films and metallization have been deposited; 

Fig. 5(b) is a cross-sectional view similar to Fig. 5(a), but in which the side walls of conductive interconnects have 

been coated with a dielectric film 15 after the dielectric films and metallization have been patterned; 

Fig. 5(c) is a cross-sectional view similar to Fig. 5(b), but in which an upper dielectric Tilm 17 has been deposited 

after spaces between the conductive interconnects are provided with a material having a low dielectric constant; 
50 Fig 6 is a schematic cross-sectional view of the structure of a fourth example of the invention; 

Fig. 7 is a schematic cross-sectional view of the structure of a fifth example of the invention; 

Fig. 6(a) is a cross-sectional view of the prior art interlayer dielectric film structure, illustrating the effect of reduction 

of the capacitance between conductive interconnects; 

Fig. 8(b) is a cross-sectional view similar to Fig. 8(a), but illustrating the manner in which a jut-out ratio of the low 
55 dielectric electric constant material in an interlayer dielectric film structure according to the invention is found; 

Fig. 8(c) is a graph comparing the effect of reduction of the capacitance between conductive interconnects obtained 
by the present invention with the effect of reduction of the capacitance between conductive interconnects obtained 
by the prior art interlayer dielectric film structure; and 
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Fig. 9 is a schematic cross-sectional view of a semiconductor device to which the fifth example of the invention is 
applied. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 * 

A first example of the present invention is now described by referring to the schematic cross section of Fig. 2. 

As shown in Fig. 2, a base or main body 11 comprises a semiconductor substrate 1 2, for example, on which a lower 
dielectric layer 13 consisting of silicon oxide (e.g., having a relative dielectric constant of 4.0) is formed. For exampte, 
a plurality of conductive interconnects 1 4 are formed over the lower dielectric layer 1 3 of the base 11. 
10 A first dielectric film 1 5 is formed so as to cover the conductive interconnects 1 4. This first dielectric film 1 5 is made 

of silicon oxide (e.g., having a relative dielectric constant of 4.0) having a film thickness of 2 nm. Alternatively, the film 
is made of silicon oxynitride (e.g., having a relative dielectric constant of 4.0-6.0) or silicon nitride (e.g., having a relative 
dielectric constant of 6.0). 

A second dielectric film 1 6 having a relative dielectric constant smaller than that of the first dielectric film 15 is formed 

is between the conductive interconnects 14 via the first dielectric film 15. Also, the second dielectric film 16 is formed over 
the lower dielectric layer 13 which is on one side of the conductive interconnects 14. In the present figure, the second 
dielectric film 16 is formed over the lower dielectric layer 13 via the first dielectric film 15 but the second dielectric film 
16 may be formed directly on the lower dielectric layer 13. That is, it is only necessary that the first dielectric layer 15 
be present at least between each conductive interconnect 14 and the second dielectric film 16. 

20 The aforementioned second dielectric film 16 may be made of polysiloxane based polymer (e.g., having a relative 

dielectric constant of 2.8). Alternatively, the film may be made of silicon oxide containing fluorine atoms (e.g., having a 
relative dielectric constant of 3.0) or polyimide consisting of a polyimide material (e.g., having a relative dielectric constant 
of 3.0), or other suitable materials of low relative dielectric constant. 

An upper dielectric layer 17 consisting, for example, of silicon oxide (e.g., having a relative dielectric constant of 

2S 4.0) is formed over the first and second dielectric films 15 and 16, respectivoly. 

"As mentioned previously, the interlayer dielectric film 1 is formed by the first and second dielectric films 15 and 16, 
respectively, and by the upper dielectric layer 17 so as to cover the conductive interconnects 14. 

A method of fabricating the above -de scribed interlayer dielectric film structure is briefly described. The conductive 
interconnects 14 are formed over the semiconductor substrate 12 by ordinary conductive interconnect formation tech- 

30 niques. The lower dielectric layer 13 is formed on the front surface of the substrate 12. Then, the first dielectric film 15 
is formed over the lower dielectric layer 13 so as to cover the surfaces of the conductive interconnects 14, for example, 
by ECR (electron cyclotron resonance) CVD. As one example of the film formation conditions, silane (SiH 4 ) and nitrous 
oxide (N 2 0) are used as reactant gases. Nitrogen (N 2 ) is used as a carrier gas. The RF power is set to 500 W. The 
substrate temperature is set to 400°C. 

35 After forming the first dielectric film 1 5 under these conditions, a polysiloxane based polymer is applied to form the 

second dielectric film 16. The polymer given by Eq. (1) is used as this polysiloxane based polymer. 
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-Si-O- 



(1) 



(R = CH 3 , CH = CH 2 , C 6 H 5 , etc.) 

45 Then, the second dielectric film 1 6 is etched back, for example by ECR etching, until the first dielectric film 1 5 over 

the conductive interconnects 1 4 is exposed. As a result, the second dielectric film 1 6 exists at least between the con- 
ductive interconnects 14. Thereafter, the upper dielectric layer 17 is formed out of silicon oxide over the first and second 
dielectric films 15 and 16, respectively, by CVD. 

In the above-described interlayer dielectric film structure for a semiconductor device, the first dielectric film 1 5 is 

so formed so as to cover the conductive interconnects 14 and so the interconnects 14 are protected from corrosion and 
poisoned vias due to the second dielectric film of low dielectric constant. Furthermore, since the second dielectric film 
16 of a relative dielectric constant lower than that of the first dielectric film 15 is formed at least between the conductive 
interconnects 14, the electric field set up by the conductive interconnects passes through the second dielectric film 16 
of low dielectric constant. Therefore, the capacitance between the conductive interconnects 14 is reduced. 

ss A second example is next described by referring to the schematic cross section of Fig. 3. In this figure, those com- 

ponents which are the same as their counterparts of Fig. 2 are indicated by the same reference numerals. 

As shown in Fig 3, this interlayer dielectric film structure is similar to the structure shown in Fig. 2 except that the 
thickness of the second dielectric film 16 is larger than the height of the conductive interconnects 14 by 10-100% in the 
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directions of the height and depth. That is, oi the thickness di of the second dielectric film 16. the thickness dh of the 
portion higher than the conductive interconnects 14 and the thickness dl of the portion lower than the conductive inter- 
connects 14 are set to 10-100% of the height D of the conductive interconnects 14. 

tn the same manner as described already in the first example, the base or main body 1 1 consists of the semiconductor 
5 substrate 1 2 having the lower dielectric layer 1 3 formed on its surface. The first dielectric film 1 5 is formed so as to cover 
the conductive interconnects 14. The upper dielectric layer 17 is formed over the first and second dielectric films 15 and 
16, respectively. 

The method of fabrication of the interlayer dielectric film structure of the above-described second example is carried 
out by the same process as described in the first example. However, the difference with the process of the first example 

10 is that when the conductive interconnects 1 4 are patterned by etching, the lower dielectric layer 1 3 is also etched. The 
etching depth of the lower dielectric layer 1 3 is determined in the manner described below. Let de be the etching depth 
of the lower dielectric layer 1 3. Let dl be the thickness of the first dielectric film 1 5 which will be deposited later over the 
etched portions in the lower dielectric layer 1 3. Let D be the height of the conductive interconnects 1 4. The lower dielectric 
layer 1 3 is so etched that the relation de - dl = 0,1 D to 1 .0D holds. 

15 ECR (electron cyclotron resonance) CVD is used to form the first dielectric film 15. The first dielectric film 15 is 

deposited over the etched portions in the lower dielectric layer 1 3 and over the conductive interconnects 1 4 to a thickness 
larger than side walls ot the conductive interconnects 14. 

In the second example, the thickness of the second dielectric film 16 between the conductive interconnects 14 is 
larger than the height D of the conductive interconnects 14 by 10-1 00% in the directions of the height and depth. There- 
to fore, the capacitance between the conductive interconnects 14 is made lower than in the first example, because the 
electric field generated by the conductive interconnects 14 can pass more easily. 

If the excessive thick portion is less than 10%, the path of the electric field produced by the conductive interconnects 
1 4 is not limited to the second dielectric film 16. Therefore, capacitance is created between the conductive interconnects 
1 4. This makes it impossible to sufficiently lower the capacitance. On the other hand, if the excessive portion is greater 

2S than 100%, the step becomes steep, tn consoquence : the burying characteristics of the second dielectric film 16 are 
deteriorated in the latter situations. Accordingly, the thickness amount is set to the above-described range. 

A third example is next described by referring to the schematic cross section of Fig. 4. In this figure, those compo- 
nents which are the same as their counterparts of Fig. 2 are indicated by the same reference numerals. 

As shown in Fig. 4. this interlayer dielectric film structure is similar to the structure shown in Fig. 2 except that a 

30 third dielectric film 2 1 and a fourth dielectric film 22 are formed under the conductive interconnects 1 4. This third dielectric 
film 21 has substantially the same relative dielectric constant as the first dielectric film. Examples of the material include 
silicon oxide, silicon oxynitride. and silicon nitride. On the other hand, the thickness of the fourth dielectric film 22 is more 
than 10% and less than 30% of the height of the conductive interconnects 14. The fourth dielectric film 22 has substan- 
tially the same relative dielectric constant as the second dielectric film 16 as described previously in the first example. 

35 This fourth dielectric film 22 consists of at least one of silicon oxide containing fluorine, polysiloxane materials, polyparax- 
ylylene, fluorocarbon materials, and polyimide materials. 

This structure is similar to the structure already described in connection with Fig. 2 in other respects. That is, the 
base or main body 11 consists of the semiconductor substrate 12 having the lower dielectric layer 13 formed on its 
surface. The conductive interconnects 14 are formed over the lower dielectric layer 1 3 via the fourth and third dielectric 

40 films 22 21. respectively. The first dielectric film 1 5 is formed so as to cover the conductive interconnects 1 4. The upper 
dielectric layer 1 7 is formed over the first and second dielectric films 1 5, 1 6. The interlayer dielectric film 1 is constructed 
in this way. 

In the above-described structure, of the first dielectric film 1 5 and the third dielectric film 21 between the conductive 
interconnects 14, those portions which are not in direct contact with the conductive interconnects 14 are not required 
45 to be formed. Therefore, the first dielectric film 15 and the third dielectric film 21 may be formed so as to surround the 
conductive interconnects 14. 

The method of fabrication of the interlayer dielectric film structure of the above-described third example is carried 
out by a process similar to the process previously described in the first example. However, the difference with the process 
of the first example is that the fourth dielectric film 22 and the third dielectric film 21 are successively stacked over the 
50 lower dielectric layer 1 3 before the conductive interconnects 1 4 are formed. First, by the spin coa:ing, the fourth dielectric 
film 22 is applied over the lower dielectric layer 1 3 to a film thickness of 1 00 nm. Subsequently the third dielectric film 
21 is formed to a film thickness, for example, of 10 nm by ECR CVD. Then, the conductive interconnects 14 are formed 
by metallization formation techniques, followed by execution of the process already described in the first example. 
It is also possible to fabricate the inter-layer dielectric film structure of the third example by a different process. This 
55 process is characterized in that the first and fourth dielectric films on that portion of the fourth dielectric film which is 
between the conductive interconnects are removed. 

In particular, as shown in Fig. 5(a). before the conductive interconnects 14 are formed, a fourth dielectric film 22 is 
formed over the lower dielectric layer 13 of the base 11 . for example, to a film thickness of 100 nm by an application 
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method. Then, a third dielectric film 21 is formed, for example, to a film thickness of 10 nm by ECR CVD. Subsequently, 
a metallisation film 31 for forming the conductive interconnects 14 are formed by sputtering Then, a dielectric film 32 
(which, in the finished product, is the first dielectric film 15) is formed on the metallization film 31 by CVD. 

Then, a patterning step using ordinary lithography and etching techniques is carried out to form the conductive 

5 interconnects 14 from the metallization film 31 as shown in Fig. 5(b). At this time, the dielectric film 32 (later becoming 
the first dielectric film 15) is left over the conductive interconnects 14. The third dielectric film 21 at positions between 
the conductive interconnects 14 is etched away. 

Thereafter, side walls 33 (becoming the first dielectric film 15) are formed on the side walls of the conductive inter- 
connects 14 by ordinary side wall formation techniques making use of formation of a further dielectric film (not shown) 

10 for the side walls and etch-back. Of course, the further dielectric film lying between the conductive interconnects 14 is 
removed during the etch-back for forming the side walls 33. The further dielectric film overlying the conductive intercon- 
nects 14 and used for the side walls is also removed. However, at least the bottom portion of the dielectric film 32 
remains. Therefore, the conductive interconnects 1 4 are covered with the first dielectric film 1 5 consisting of the dielectric 
film 32 left on the conductive interconnects 14 and the side walls 33. 

*5 Thereafter, the process described in the first example is carried out to form the second dielectric film 16 and the 

upper dielectric layer 17 as shown in Fig. 5(C). 

If the interlayer dielectric film structure is formed by the process described above, the second dielectric film 16 is 
directly connected with the fourth dielectric film 22. 

In the above -described third example, the third dielectric film 21 and the fourth dielectric film 22 are formed under 

20 the conductive interconnects 14 and so the third dielectric film 2 1 having substantially the same relative dielectric constant 
as the first dielectric film 1 5 protects the conductive interconnects 1 4 from corrosion and poisoned vias due to the fourth 
dielectric film 22 of low dielectric constant. Because the thickness of the fourth dielectric film 22 is more than 10% and 
less than 30% of the height of the conductive interconnects 1 4, and because the fourth dielectric film 22 has substantially 
the same relative dielectric constant as the second dielectric film 16, the electric field produced by the conductive inter- 
ns connects 14 passes through the fourth dielectric film 22 of low dielectric constant. Consequently, the capacitance be- 
tween the conductive interconnects 14 is reduced. 

If the thickness of the fourth dielectric film 22 is lower than 10% of the height of the conductive interconnects 14, 
the electric field developed by the conductive interconnects 14 hardly passes through the fourth dielectric film 22 but 
passes through the lower dielectric layer 1 3. Consequently, the capacitance is reduced less efficiently On the other 

30 hand, if the thickness is in excess of 30%, the moisture resistance is adversely affected, because the film quality of the 
fourth dielectric film 22 is poor. When a thermal step is effected, if the fourth dielectric film 22 contains carbon, hydro- 
carbon gases are produced. This renders the film porous. For this reason, the moisture resistance is further deteriorated. 
Accordingly, the film thickness of the fourth dielectric film 22 is set to the above-described range. 

A fourth example is next described by referring to the schematic cross section of Fig. 6. In this figure, those com- 

55 ponents which are the same as their counterparts of Fig. 2 are indicated by the same reference numerals. 

As shown in Fig. 6, this interlayer dielectric film structure is similar to the structure shown in Fig. 2 except that a fifth 
dielectric film 23 is formed over the conductive interconnects 14 via the first dielectric film 15. In this example, the fifth 
dielectric film 23 is formed also over the second dielectric film 16. The thickness of the fifth dielectric film 23 is more 
than 10% and less than 30% of the height of the conductive interconnects 1 4. The fifth dielectric film 23 has substantially 

to the same relative dielectric constant as the second dielectric film 16 described in the first example. The fifth dielectric 
film 23 consists, for example, of at least one of silicon oxide containing fluorine, polysiloxane materials, polyparaxylylene, 
fluorocarbon materials, and polyimide materials. 

For instance, where the height of the conductive interconnects 14 is 600 nm, the fifth dielectric film 23 is formed to 
a film thickness of 100 nm, for example. In this case, it accounts for about 17 u / c of the film thickness of the conductive 

45 interconnects 1 4. The structure is the same as the structure described already in connection with Fig. 2 in other respects. 

That is, the base or main body 11 consists of the semiconductor substrate 12 having the lower dielectric layer 13 
formed on its surface. The conductive interconnects 14 are formed over the lower dielectric layer 13. The first dielectric 
film 15 is formed so as to cover the conductive interconnects 14. The upper dielectric layer 17 is formed over the first 
and second dielectric films 15, 16, respectively, via the fifth dielectric layer 23. The interlayer dielectric film 1 is constructed 

so in this way. 

The method of fabrication of the interlayer dielectric film structure of the above-described fourth example is carried 
out by a process similar to the process described in the first example. However, the difference with the process of the 
first example is that the second dielectric film 16 is left over the conductive interconnects 14 via the first dielectric film 
15 when the second dielectric film 16 is etched back. That is, the second dielectric film 16 is left up to a thickness which 
55 is more than 10% and less than 30% of the height of the conductive interconnects 14. The left second dielectric film 16 
becomes the fifth dielectric film 23. Therefore, the fifth dielectric film 23 consists of a polysiloxane based polymer, in the 
same way as the second dielectric film 16. Alternatively, the fifth film is made of silicon oxide containing fluorine carbon, 
poly-paraxylylene. a fluorocarbon material, or a polyimide material such as polyimide. 
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In the fourth example described above, the fifth dielectric film 23 is formed over the conductive interconnects 14 via 
the first dielectric film 15 find so the conductive interconnects 14 are protected from corrosion and poisoned vias due 
to the fifth dielectric film 23 of low dielectric constant. Because the thickness of the height of the conductive interconnects 
ts more than 10% and less than 30% of the height of the conductive interconnects, and because the fifth dielectric film 
5 23 having substantially the same relative dielectric constant as the second dielectric film 16 is formed, the electric field 
generated by the conductive interconnects 14 passes through the fifth dielectric film 23 of low dielectric constant. In 
consequence, the capacitance between the conductive interconnects 14 is reduced. 

If the thickness of the fifth dielectric film 23 is lower than 10% of the height of the conductive interconnects 14, the 
electric field developed by the conductive interconnects 14 hardly passes through the fifth dielectric film 23 but passes 
'0 through the upper dielectric layer 1 7. Consequently, the capacitance is reduced less efficiently. On the other hand, if the 
thickness is in excess of 30%. the moisture resistance is adversely affected, because the film quality of the fifth dielectric 
lifm 23 is poor, When a thermal step is effected, if the fifth dielectric film 23 contains carbon, hydrocarbon gases are 
produced. This renders the film porous. For this reason, the moisture resistance is further deteriorated. Accordingly, the 
dim thickness is set to the above-described range. 

A fifth example which is a combination of the third example and the fourth example described above is next described 
by referring to the scherrtatic cross section of Fig. 7. In this figure, those components which are the same as their 
counierparts of Figs. 4 and 6 are indicated by the same reference numerals. 

As shown in Fig. 7, this interlayer dielectric film structure combines the structure shown in Fig. 4 with the structure 
shown in Fig. 6. That is ; a fourth dielectric film 22 and a third dielectric film 21 are formed over the lower dielectric layer 
20 13 of the base 11. Conductive interconnects 14 are formed over the third dielectric film 21. Therefore, the third dielectric 
(tin i 21 and the fourth dielectric film 22 are formed under the conductive interconnects 14. 

The third dielectric film 21 is made of a material having substantially the same relative dielectric constant as the first 
dielectric film 15, e.g.. silicon oxide, silicon oxynitride, or silicon nitride. The thickness of the fourth dielectric film 22 is 
more than 10% and less than 30% of the height of the conductiveinterconnects 14. The fourth dielectric film 22 has 
substantially the same relative dielectric constant as the second dielectric film 16 described in the first example. This 
fourth dielectric film 22 consists, for example, of at least one of silicon oxide containing fluorine, polysiloxane materials, 
polyparaxytylene, fluorocarbon materials, and polyimide materials. 

The conductive interconnects 14 are coated with the first dielectric film 15. The second dielectric film 16 similar to 
that described in the first example is formed between the conductive interconnects 1 4 via the first dielectric film 1 5 similar 
30 to thai described in the first example. A fifth dielectric film 23 is formed over the conductive interconnects 1 4 via the first 
dielectric film 15. This fifth dielectric film 23 is formed also over the second dielectric film 16. 

The thickness of the fifth dielectric film 23 is more than 10% and less than 30% of the height of the conductive 
interconnects 1 4. The fifth dielectric film 23 has substantially the same relative dielectric constant as the second dielectric 
film 16. This fifth dielectric film 23 consists, for example, of at least one of silicon oxide containing fluorine, polysiloxane 
3$ materials, polyparaxylylene, fluorocarbon materials, and polyimide materials. 

The upper dielectric layer 17 consisting, for example, of silicon oxide is formed over the fifth dielectric film 23. The 
interlayer dielectric film 1 is constructed in this way. 

For instance, where the height of the conductive interconnects 14 is 600 nm. the third dielectric film 21 is formed to 
a film thickness of 10 nm, for example. The fourth dielectric film 22 is formed to a film thickness of 100 nm. The fifth 
■w dielectric film 23 is formed to a film thickness of 100 nm. In this case, the film thicknesses of the fourth and fifth dielectric 
films 22 and 23 account for about 17% of the film thickness of the conductive interconnects 14. 

In the method of fabricating the interlayer dielectric film structure of the fifth example, the fourth dielectric film 22. 
the third dielectric film 21 , and the conductive interconnects 1 4 are formed by a process similar to the process described 
in the third example. Then, the first dielectric film 15 is formed. Thereafter, the second dielectric film 15 and the fifth 
is dielectric film 23 are tormed integrally by a process similar to the process described in the fourth example. Subsequently, 
the upper dielectric layer 1 7 is formed. 

In the above-described fifth example, the fourth dielectric film 22 is formed under the conductive interconnects 14 
via the third dielectric film 21. The second dielectric film 15 is formed over the conductive interconnects 14 via the first 
dielectric film 15. Consequently, the capacitance between the conductive interconnects 14 is made lower than in the 
w third and fourth examples. 

The effect of reduction of the capacitance between the conductive interconnects is next described by referring to 
Figs. 8(a)-8(c). Fig. 8(a) illustrates an interlayer dielectric film structure according to the prior art. In this figure, those 
components which are the same as their counterparts of the above examples are indicated by the same reference 
numerals. Fig. 8(b) illustrates the manner in which the jut-out ratio of the low dielectric constant body in an interlayer 
" dielectric film structure according to the invention is found. In this figure, those components which are the same as their 
counterparts of the above examples are indicated by the same reference numerals. Plotted on the vertical axis of Fig. 
8(c) is converted capacitance when the conductive interconnects (aluminum interconnects, in this example) are coated 
with a dielectric film having a relative dielectric constant of 2.5 and when the capacitance between the conductive inter- 
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connects is taken as 100%. Plotted on the horizontal axis is the jut-out ratio of the low d.electnc constant body 

First the prior art interlayer dielectric structure is described. As shown in Fig. 8(a), a plurality ol conductive inter- 
connects 1 4 are lormed to a thickness ot 600 nm over the lower dielectric layer 1 3 made ol silicon oxide and having a 
relative dielectric constant ol 4.0. A silicon oxide film 31 having a thickness ol 200 nm and a relative dielectric constant 
of 4 0 is formed over the conductive interconnects 14. The lower dielectric layers 13 which are located on both sides 
and' over which the conductive interconnects 14 are formed are tower by 200 nm than those portions tn which the 
conductive interconnects 14 are lormed. The second dielectric film 16 consisting ol a low dielectric constant substance 
polyimide (relative dielectric constant is approximately equal to 3.0) is lormed on both sides of the conductive in ercon- 
nects 1 4 and the silicon oxide film 31 . The upper dielectric layer 1 7 having a relative dielectric constant ol 4 0 1 is formed 
over the silicon oxide film 31 and over the second dielectric film 16. The upper dielectric layer 17 is formed by plasma 
CVD, using tetraethoxysilane as a raw material. In this way. an interlayer dielectric film is lormed by the second d.electnc 
film 16. the silicon oxide film 31. and the upper dielectric film 17. „ film e „ lirllir o 

The manner in which the jut-out ratio of the low dielectric constant body ol an .nterlayer d.electnc him structure 
according to the Mention is found is next described. As shown in Fig. 8(b), the conductive interconnects 14 having a 
height ol b are formed over the lower dielectric layer 1 3 having a relative dielectric constant of 4.0. The second d.electnc 
film 1 6 cons.st.ng of a low dielectric substance and having a height ol a is lormed between the conducive mterconnec s 
^ 4 The upper dielectric layer 1 7 having a relative dielectric constant ol 4.0 is formed over the conducts .nterconnects 
14 and over the second dielectric film 16. The first dielectric film described in the above examples .s not shown in this 

f ' 9U The jut-out ratio R ol the second dielectric film 16 relative to the conductive interconnects 14 is calculated to be R 

= <d WheJthe fourth and filth dielectric films becoming a low dielectric constant body described in the third fourth, and 
fifth examples are formed over or under the conductive interconnects 14. the calculated film thickness o( the second 
dielectric film includes the film thicknesses ol the fourth and filth dielectric films. 

The results ol the calculated capacitance between the conductive interconnects are described with reference to 
Fid -8(c) where the converted capacitance ol the prior art interlayer dielectric film structure shown .n F.g. 8 ( a) is indicated 
by the broken line, while the converted capacitance of the structure of the fifth example ,s indicated by the solid line. 

As shown in the structure of the fifth example where the fourth and fifth dielectric films of a low d.electnc constant 
substance are formed under and over the conductive interconnects, the jut-out ratio R is in the range from <X 1 to03. 
This shows that the capacitance between the conductive mterconnects is reduced by at least 4-7% compared with the 

^^MhJugh'not illustrated, the reduction ratio of the converted capacitance between the conductive interconnects ol 
the third and fourth examples described above is about half the reduction ratio of the converted capacitance ol the f.fth 

An example in which the fifth example of the invention is applied to an ordinary polycide gate MOS transistor ,s 
described by referring to Fig. 9. For simplicity, the structure of Fig. 9 is compared with the structure of F.g. / wh.ch .s a 
schematic cross section ot the fifth example of the invention. ^ 

In Fiq 9 the polyc.de gate MOS transistor corresponds to the semiconductor substrate 12 shown in F,g7. The 
method of fabricating the polycide gate MOS transistor is not described herein. The silicon ox,d " ra ^ 3 ° n 
surface of the polycide gate MOS transistor corresponds to the lower oxide film 1 3 showr nr , Fig. 7. The fourth dielectnc 
film 22 of a low dielectric constant is formed on the silicon oxtfe film 1 3. Thereafter the third dielectric film 21 is formed 
on the fourth dielectric film 22. Subsequently, in order to form the plural Al interconnects 14, aluminum is deposited 
This aluminum film is patterned, making use of a photolithography step and an etching step. Thus, the conduct.ve 
interconnects 1 4 are formed. . . M h 

Then the first dielectnc film 15 is formed and the second dielectric film 16 is buried on the precip e of the Mth 
example of the invention. This is followed by formation of the fifth dielectric film 23 and the upper d.electnc layer 17 The 
manner in which these films are lormed has been already described in the filth example. 



so Claims 

1. An interlayer dielectric film structure (1) for a semiconductor device, comprising: 

a substrate (11) made from a semiconductor material; 
ss said semiconductor device fabricated from said substrate by semiconductor fabrication processes; 

a main body formed by said semiconductor device and comprising a first dielectric film (15) anc 
dielectric film (16). at least a surface of said main body being insulalive; 
conductive interconnects (14) formed on said main body; 
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said first dielectric film (15) being formed so as to cover said conductive interconnects: and 
said second dielectric film (16) having a relative dielectric constant smaller than that of said first dielectric film, 
said second dielectric film existing at least between said conductive interconnects (14) but separated therefrom 
by said first dielectric film (15). 

5 

2. The interlayer dielectric film structure of claim 1, wherein said second dielectric film (16) between said conductive 
interconnects (14) has a thickness larger than height (D) of the conductive interconnects by 10 to 100% in directions 
of height and depth. 

10 3. The interlayer dielectric film structure of claim 1 , further comprising: 

a third dielectric film (21) having substantially the same relative dielectric constant as said first dielectric film 
(15) and formed under said conductive interconnects (14); and 

a fourth dielectric film (22) having a thickness that is more than 10% and less than 30% of the height (D) of said 
75 conductive interconnects (14), said fourth dielectric film (22) having substantially the same relative dielectric 

constant as said second dielectric film (16), said fourth dielectric film (22) being formed under said third dielectric 
film (21). 

4. The interlayer dielectric film structure of claim 3, wherein said third dielectric film (21) consists of at least one of 
20 silicon oxide, silicon oxynilride, and silicon nitride, and wherein said fourth dielectric film (22) consists of at least 

one of silicon oxide containing fluorine, polysiloxane materials, poiyparaxylylene, fluorocarbon materials, and poly- 
imide materials. 

5. The interlayer dielectric film structure of any previous claim, further comprising a fifth dielectric film (23) having a 
25 thickness which is more than 10% and less than 30% of the height (D) of said conductive interconnects (14), said 

fifth dielectric film (23) having substantially the same relative dielectric constant as said second dielectric film (16), 
said fifth dielectric film (23) being formed over said conductive interconnects (14) via said first dielectric film (15). 

6. The interlayer dielectric film structure of claim 5, wherein said fifth dielectric film (23) consists of at least one of 
30 silicon oxide containing fluorine, polysiloxane materials, poiyparaxylylene, fluorocarbon materials, and polyimide 

materials. 

7. The interlayer dielectric film structure of any previous claim, wherein said first dielectric film (15) consists of at least 
one of silicon oxide, silicon oxynitride, and silicon nitride. 

35 

8. The interlayer dielectric film structure of any previous claim : wherein said second dielectric film (16) consists of at 
least one of silicon oxide containing fluorine, polysiloxane materials, poiyparaxylylene, fluorocarbon materials, and 
polyimide materials. 
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the conductive interconnects (14). The thickness of the 
second dielectric film (16) between the conductive inter- 
connects (14) is greater than the height (D) of the con- 
ductive interconnects by 10-100% in the directions of 
the height and depth. Films made of a material of a low 
dielectric constant (21 -23) are formed over and under 
the conductive interconnects (14) via the first dielectric 
film (15) or equivalent films. 
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